Abstract. Experiment research of polishing based on liquid two-dimension vibration is carried out by a vibrating device which is driven by ultrasonic source and can produce coupling vibrations of liquid. Sound pressures of some key points in water are tested by hydrophone and translated into sound intensity to evaluate the effect of input voltage of transducer. It is analyzed which vibration state of fluid field and the way that workpiece is clamped is the best for the polishing. Polishing results of quartz glass are evaluated by the use of region-track measure method, and some polishing rules are presented.
Introduction
Polishing Based on Coupling Vibrations of Liquid (PCVL) is a novel polishing method, which make use of the vibrated fluid to realize the ultra-smooth surface machining. An experimental device has been designed and its basic idea is shown in Fig. 1 . In the trough, ultrasonic transducers are arranged on the side and bottom as vibration source of the liquid, and the liquid vibration can impel particles impacting workpiece continuously, then the material can be removed and the ultra-smooth surface will be obtained. [1] Fluid-solid coupled analysis on this device was performed using finite element method. From the analysis it could be found that the same voltage should be chosen for the transducer so that the vibration of fluid can be stable. Furthermore, there is a biggish included angle between the vibration trail of fluid and horizontal direction when liquid vibrated stably, this will cause vertical vibration velocity to be faster than horizontal vibration velocity. [2] The intensity of ultrasonic plays an important role in polishing. When sound intensity is weak, it is difficult to polish the workpiece of high hardness like quartz glass. However, if sound intensity is too powerful, it will not only damage the workpiece, but also form acoustic barrier on acoustic radiation surface [3] , therefore it is necessary to test the sound intensity of ultrasonic.
Sound Intensity Test
Three planes within the vibrating trough are selected; they are plane A (bottom of the trough); plane B (5cm upon the bottom); plane C (10cm upon the bottom). The same 13 key points in these planes are selected and distributed in the main machining region. 100V, 150V and 220V are used as input voltage levels respectively. Hydrophone is employed to measure the sound pressure of these points, and then it is translated into sound intensity [4] .
The measured results are compared in Fig.2 ~ Fig.4 . Means and variances of the sound intensity are shown in Table 1 . When input voltage is 220V, the means and variances of sound intensity are both the greatest, as a result, its stability was weakest among all. Compared with the former, the sound intensity is more stable and weaker when input voltage is 150V. Sound intensity under 100V is the most stable due to its mean is the least, but this may reduce the polishing effect.
Polishing Experiment.
In experiment, the quartz glasses are polished under the condition of compound-ultrasonic vibrations, Al 2 O 3 is used as polishing particle, and region-track measure method is adopted to evaluate the polishing results, the effect of vibration stability, particle sizes, polishing time also be discussed after these experiments. Effect of Vibration Stability. The average size of Al 2 O 3 is 0.5µm, the thickness of liquor is 6 , polishing time is 60 minutes. The polished glasses should be cleaned through cleaning device before observed by scanning electron microscope.
In operation, if the stable vibration of fluid is desired, input voltage for side transducer and bottom transducer must be same. When the quartz glasses are clamped horizontally, the distance between glasses and bottom board is 10mm, 30mm and 50mm respectively. When the quartz glasses are clamped vertically, the distance between glasses and bottom board is 5mm.
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The polished results that the quartz glasses are clamped horizontally are shown in Fig.5 to Fig.7 . When the quartz glass is clamped vertically, the results are shown in Fig.8 . 
It can be seen that even if the vibration state of fluid is stable, surface of the quartz glass clamped horizontally is accidented, while the glass is clamped vertically, ultra-smooth surface would be obtained without any pit.
From the fluid-solid coupled analysis [2] it could be found that when the vibration is stability, the vertical velocity of fluid is faster than the horizontal velocity, it will lead to greater impact force of vertical direction. If the quartz glass is clamped horizontally, its surface is bombarded by vertical impact directly, while it will be brushed instead when clamped vertically. On the other hand, the reason why there is no any pit on the surface of vertical clamped glass is that horizontal impact does not strong enough to damage the surface.
In the unstable vibration of fluid, two groups of voltage combinations are chosen for sample I and sample II. For sample I, input voltages for side transducer and bottom transducer are 150V and 220V respectively. For sample II, the values of input voltages are exchanged, that is 220V and 150V respectively.
There are two forms of clamping for each sample: horizontal clamping and vertical clamping. When the quartz glasses are clamped horizontally, the distance between glasses and bottom board are both 30mm; when the quartz glasses are clamped vertically, the distance between glasses and bottom board is only 5mm.
The polishing results that the quartz glasses are clamped horizontally are shown in Fig 9 to Fig10. When the quartz glass is clamped vertically, the results are shown in Fig.11 to Fig.12 . It is found that when the vibration state of fluid is unstable, there are both pits on the glass surface. This is because the impact angle of fluid is always changing and made the glass surface was bombarded whatever way the glass clamped [1, 2] . Effect of Particle Size. In these experiments there are three kinds of particles sizes, 4µm, 1µm and 0.5µm, would be chose for polishing. The quartz glasses are polished under the condition of compound-ultrasonic vibrations. Input voltages for side transducer and bottom transducer are both 220V, thickness of liquor is 6 , circumrotate speed of workpiece is 20r /min. Each glass will be marked side A and side B. The polished results are shown in Fig 12 to Fig 23. When particles size is 4µm:
Polishing results of side A are shown in Fig.12 to Fig.13 ; Polishing results of side B are shown in Fig.14 to Fig.15 . . The roughness of the glass samples are compared in the Table 2 and shown in Fig.24 ~ Fig.25 . It is shown in experiment that PCVL is feasible on ultra-smooth polishing. In addition, the smaller particles size is, the best surface obtained.
There is a special phenomenon observed from the results that roughness was raised instead of declined on side A of the glass when particles sizes were 4µm or 1µm. This phenomenon can be explained by the processing capability of different particle size [5] . The limit surface quality obtained by larger particles will be worse than that by smaller ones. Effect of Polishing Time. Polishing time is also a basic factor of polishing process. It is necessary to validate the effect of polishing time.
With compound-ultrasonic vibrations; input voltages for side transducer and bottom transducer are both 220V. Particle size is 0.5µm, thickness of liquor is 6 , circumrotate speed of workpiece is 20r/min. Polishing time levels choose 60min, 120min, and 180min respectively. The polishing results are shown in Fig.26 . From the figures it can be seen that the roughness is declined as polishing time increased. When polishing time is 180min, the best surface and the greatest decline value are obtained.
Conclusions
Experiments show that PCVL is valid for ultra-smooth polishing. The roughness of glasses polished could achieve nanometer scale, but as a novel polishing method on research period, there are still shortages to be improved. According to the experimental results and analysis, some conclusions can be drawn as follows: 1) When input voltage for the transducers are both 220V, sound intensity achieve highest and become unstable, while input voltage is 150V, the stability of sound intensity is the best with appropriate intensity for polishing. Actually, we could adopt 220V on first two hours for cursory polishing, then turn the voltage to 150V on last hour for subtle polishing. 2) A better micro surface of workpiece will be obtained when stable vibration state of fluid and the way glass clamped vertically is chosen.
3) The sizes of particle have a significant effect on polishing progress. 4) It is shown from the experiment result that the smaller the particle is, the smoother surface can be obtained. 5) The roughness was declined as polishing time increased. When polishing time is 180min the best surface qualities are achieved, furthermore, the decline extent of roughness is greatest at this time.
